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Drosophila is the genus of pomace flies or small fruit 
flies, in the family Drosophilidae and in the order Diptera. 
The genus is worldwide in distribution with the majority of 
the species tropical or sem±tropical. In colder areas, i.e., 
mountain masses and the Arctic regions, only a few species 
are to be found. Thus, only 9 species have been found in 
Alaska (586,400 sq. mi.) while there are at least 120 species 
in El Salvador (8,260 sq. mi.), and more than 400 in Hawaii 
(6,435 sq. mi.) (Spieth and Heed, 1972). 
The vast majority of Drosophila are inhabitants of wood-
lands. A relatively small number of species, the bulk of 
which are cactus-dependent members of the repleta group, have 
invaded arid and semi-arid areas. None seems to be found in 
grasslands and tundra. The adults are diurnal and display 
relatively short periods of activity during each morning and 
evening in their visits to feeding and courtship sites. 
There are species-specific differences, but in cooler cli-
mates and arid areas the activity periods are usually shorter 
and more precisely delineated than in tropical rain forests. 
During the remainder of the day and night the individuals 
are scattered and hidden in secluded sites where they appear 
to remain relatively inactive. A few species, mostly the 
cosmopolitan ones, tend to persist for prolonged periods on 
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or near the food sites, especially in situations such as 
tomato fields, orchards, large semicovered garbage cans, and 
waste fruit dumps (Spieth and Heed, 1972). 
The order Diptera is characterized by holometabolous 
development (i.e., complete metamorphosis). In this type of 
development the immature and adult stages are usually quite 
different in form, often live in different habitats, and may 
i---~~~~~-r.n"a"v"'e,----,v"'e~r><yu-arf1'erent hab1.ts. From the egg, hatches a wormlike 
larva which, in Drosophila, molts twice by shedding the cuti-
cle, mouth hooks, and spiracles. The period of growth before 
each molt is called an instar, and there are 3 of these. The 
cuticle of the third instar hardens and darkens to become 
the puparium in which metamorphosis occurs. The pupa begins 
to darken just prior to the emergence of an adult fly. 
Shortly before emergence, the folded wings appear as two 
elliptical bodies, and the pigment in the eyes is visible 
through the puparium. When metamorphosis is compl'ete, the 
adult emerges (ecloses) by forcing its way through the ante-
rior end (operculum) of the puparium. After eclosion, the 
fly becomes sexually mature and mates. The female then lays 
her eggs, and the cycle begins again (Flagg, 1973). 
An important environmental factor which affects the 
length of this cycle is temperature. According to Suzuki 
(1970), the life cycle of D. melanogaster from egg to fertile 
adult required 22-28 days at 17 C, 11-12 days at 22 C, and 
7-8 days at 29 C. At 25 C, Powsner (1935) found that D. 
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melanogaster required 8 days plus 18 hours from egg-laying 
to emergence of adults. Budnik, Koref-·Santibanez, and Brucie 
(1971) found that the developmental rate from egg to adult 
in Q. pavani was 40 days at 16 C and 18 days at 25 C. Ray 
(1960) found that the egg tD adult period for Q. pseudo-
obscura, Q. persimilis, D. equinoxalis, and D. willistoni 
.. 
was 31-34 days at 16 C and 16-22 days at 19 C. Also, at 
2 species required 10-ll days. From these results it is 
obvious that the length of the life cycle decreases with 
increasing temperature. 
Since the length of the life cycle depends on many dif-
ferent metabolic functions, it is not surprising that an 
effect of temperature on other rate functions in Drosophila 
has been demonstrated. Insects, in general, are considered 
poikilotherms as opposed to homeotherms which include birds 
and mammals. Poikilothermic animals, which include the over-
whelming majority of species, have a relatively variable body 
temperature and are ectothermic in that the heat that deter-
mines the body temperature is largely obtained from the 
environment rather than from their own oxidative metabolism. 
On the other hand, homeotherms have a relatively constant 
body temperature and are endothermic. Endothermic animals 
produce sufficient heat by their own oxidative metabolism 
and have a sufficiently low thermal conductance so that the 
heat which contributes to their body temperature is largely 
derived from their own oxidative activity (Gordon, et. al., 
1972). 
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A wide variety of animals are active in air temperatures 
between 0 and 35 C. It is, therefore, profitable to examine 
the response of oxygen consumption and body temperature of 
a hypothetical homeotherm and a hypothetical poikilotherm to 
this range of temperatures. Over the restricted temperature 
body temperature that is indistinguishable from that of the 
environment, so it expends virtually no energy on thermoregu-
lation. On the other hand, the hypothetical homeotherm holds 
its body temperature at some closely regulated level which 
is independent of environmental temperature. To maintain 
this independence, it must continuously expend energy. Con-
squently, if oxygen consumption is plotted against environ-
mental temperature, the responses of the poikilotherm and 
the homeotherm follow different patterns. The poikilotherm's 
rate of oxygen consumption behaves like that of an in vitro 
biochemical system and doubles for each 10 C increase in 
temperature which is in general conformance with van't Hoff's 
rule. In contrast, the oxygen consumption of the homeotherm 
decreases linearly with increasing environmental temperature 
to some critical point and then is independent of environ-
mental temperature over a considerable range (Gordon, et. 
al., 1972). 
Two ecological rules that state a relRtionship between 
environmental factors, such as temperature, and the morpho-
5 
logical characteristics of a species are Bergmann's Rule and 
Allen's Rule. Bergmann's Rule states that the body size of 
geographical races of a homeothermic species is smaller 
in the warmer parts of the species' range than in the colder 
parts of the range. Allen's Rule says that protruding body 
parts are relatively shorter in the cooler parts of the range 
of a species. The validity of these rules was well estab-
1 to what extent they operate in poikilotherms. Of the 17 
~ 
poikilothermic species studied in his experiment, 4 were 




Q. pseudoobScura, and D. persimilis. For each species, 3 
measurements were made: wing length from the base of the 
alula to the tip, the length of the second tibia, and the 
total wet weight. These were measured at 2 temperatures 
with an approximate difference of 10 C. It was found that 
in all 4 species, at the lower temperature the wing and tibia 
lengths were both relatively less while the total wet weight 
was significantly greater. Thus, Bergmann's and Allen's 
Rules apply to the 4 species of Drosophila studied. 
Others have also found Bergmann's and Allen's Rules to 
apply to Drosophila. Alpatov and Pearl (1929) noted long ago 
that Q. melanogaster reared at 18 C is distinctly larger in 
a series of bodily dimensions than when reared at 28 C. 
Pantelouris (1957) confirmed the existence of a difference 
in thorax size between the male offspring of reciprocal 
crosses of large and small selected strains of D. melanogaster. 
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A similar and larger difference was observed in wing length. 
Pantelouris found that these differences could be enlarged 
to a varying extent by lowering the temperature during the 
larval or pupal or both stages. The percentage of length 
increase was approximately the same for the thorax and the 
wing when the temperature was kept low during the larval 
stage only, but the wing increase became 6 times larger than 
the pupal stage only. Pantelouris also reported that the 
wing-length to thorax-length index increased with the lower-
ing of. temperature. Tantawy and Mallah (1961) also noted that 
the wing and thorax lengths of Q. melanogaster and D. simulans 
were greater at lower temperatures, decreasing gradually with 
increasing temperature. Also, the wing-thorax ratio was 
about 2 under optimum conditions, increasing at lower tem-
peratures and decreasing at higher ones. Working with 4 
species, Q. melanogaster, Q. viracochi, D. pseudoobscura, 
and Q. willistoni, Burr and Hunter (1969) concluded that in 
general, the dry weight was higher at the lower temperature, 
but the percentage water did not differ with the temperature 
or species. 
In addition to body size, the results of Tantawy and 
Mallah (1961) show clearly that the percentage of emergence 
as well as sex-ratio can be altered by changing temperature 
conditions. The offspring of natural populations of D. 
melanogaster and D. simulans captured from different 
geographical regions in Lebanon, Egypt, and Uganda, were 
raised under a variety of temperatures ranging from 10 C 
to 31.5 C in Q. melanogaster and from 10 C to 30.5 C in. 
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D. simulans. It was found that at the 2 extremes of tempera-
ture the percentage of emergence was lower, with the females 
significantly more numerous than males. In contrast, at 
milder and optimum conditions the percentage of emergence 
females. 
It is also known that high temperatures cause sterility 
in Drosophila. This was first noted by Northrop (1920) 
when he demonstrated in Q. melanogaster that at a point 5 C 
to 9 C above the normal optimum of 24 C, no offspring were 
produced after one generation. Young and Plough (1926) 
later found that high temperature had a differential effect 
on the germ cells of Drosophila such that males were rendered 
completely sterile at a point where females were still com-
pletely fertile. This effect on the males was permanent as 
long as this temperature was maintained, but most males 
recovered normal fertility after being returned to the opti-
mum temperature. Young and Plough also found that exposures 
to 31 C of over 10 days greatly increased the number of 
flies which were permanently sterilized. Examination of 
the testes of sterile males showed that high temperature 
caused loss of motility of the sperm with progressive aggre-
gation and degeneration. Few or no spermatozoa were found 
8 
in the lower end of the testis and the vas deferens. Al-
though such males continued to copulate with females at 
high temperature, no sperm passed into the ventral recepta-
cles of the females. David, Arens, and Cohet (1971) found 
that a thermosensitive period corresponding to the beginning 
of spermiogenesis appears to exist in male gametogenesis 
and to last 1 or 2 days. If this sensitive period occurs 
i-----------B.a; t 3-8-C , - i-r-r-e-v"-e-r-s-i-13-:l-e-l-e-s--i-e-n-s-i-n-t-h-e-g-em-:i-n-a-l--e-e--l-l-s-t-a-k-e-------
! 
j 
place. 'rantawy and Mallah (1961) found that complete steril-
i ty occurred at 31.5 C in populations of D. melanogaster 
and at 30.5 C in D. simulans. 
Lauge (1972) studied the effect of elevated temperatures 
on the life span and reproducti•m rate of !?.· m~lanogaster. 
D. mela~~~ter, straj_n Oregon RC flies, reared for several 
years in the laboratory at 25 C, were subjected to a tern-
·perature of 30 C which resulted in no progeny after the 
second generation. Both generations raised at 30 C had a 
shortened imaginal (adult) life compared to flies raised at 
25 C. While the life span of males was equal in both genera-
tions, that of the females was shorter in the second, i.e., 
4.9 days, compared to 8.3 days for the first generation. The 
normal life span at 25 C was 28.4 days for females and 40.3 
days for males. Also, females raised at 30 C had a repro-
duction rate 92 times lower than females raised at 25 C. 
Smith (1958) found correlations between temperature 
and egglaying and their effects on the longevity of D. 
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subobscura. "Ovariless" females and virgin females live 
significantly longer than normal mated females. The life 
span of "ovariless" females at 20 C was not altered by 
exposure to 30.5 C. Smith concluded that egg-laying 
accelerates the aging of females at 20 C, and that the pro-
longation of life of females exposed to 30.5~C is due to the 
reduction in the rate at which such females subsequently lay 
'lpatov tT!13Z)Iountl-that the temperature dur1ng 
development of :Q_. melanogaster greatly influenced the time 
when the reproductive period began. 
Resistance and acclimation to dry heat was studied in 
several Drosophila species collected in Puerto Rico (Levins, 
1969). Adaptation was allowed to take place at temperatures 
within the no:;:mal range for the region from which the flies 
were taken, and the results were measured in duration of 
survival at 37 C - 38 C, a stress condition which neverthe-
less occurs in nature. By choosing these conditio'ns, the 
effects of heat were confounded with dessication. Levins 
found that physiological acclimation did not occur in narrow-
niched species such as D. prosaltans but did occur in broad-
niched species such as D. melanogaster which depends more 
on individual flexibility and less on genetic differences 
among populations for adaptation to different climates. 
Levins feels that this work may be extrapolated to the wild, 
and such acclimation may permit feeding in dry places without 
iDIDJediate dessication. Also, :Q_. willistoni, a moderately 
broad-niched species, did not acclimate nor show much genetic 
variation. It was suggested by Levins that this species 
avoided dessication stress behaviorally. 
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Druger (1962) studied the effect of low temperature on 
development in !2_. pseudoobscura. Eggs were placed at 5 C 
and after 178 days at this low temperature, the surviving 
larvae were transferred to 19 C. Although mortality was 
high, pupae formed and, within 10 days, adults emerged. 
These were mated, and fertile offspring resulted. Druger 
concludes that since development could be extended for 6 
months (and perhaps longer) by low temperature, this suggests 
that this phenomenon may be possible in natural populations 
of !2_. pseudoobscura during winter months. Crumpacker and 
Marinkovic (1967) studied the resistance of !2_. pseudoobscura 
to cold temperature. Adults, pupae, larvae, and eggs were 
exposed to temperatures of 16 C, 5 C, -3 C, and -10 C for 
periods of 1, 7, and 21 days. Resistance to cold temperature 
was measured in terms of survival of adults or survival and 
subsequent development of nonadult stages. It was found that 
adults were more resistant to cold stress than were larvae 
or pupae, which in turn were more tolerant than eggs. 
'l'antawy and Mallah (1961) studied natural populations 
of !2_. melanogaster and !2_. simulans in the Middle East and 
surrounding areas to test a hypothesis concerning the nature 
of developmental homeostasis. 'l'he hypothesis was that prog-
eny of euryokous populations (i.e., populations that have a 
wide tolerance for various environmental factors) were better 
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able to withstand the upper a.nd lower limits of experimental 
laboratory conditions than progeny of stenokous populations. 
It was found that the euryokous population was more viable 
over a wide range of temperature while the stenokous popula-
tion was superior only at one temperature. Hunter (1964) 
hypothesized that species which live in a wi4e range of cli-
mates (eurytherms) may have a superior capacity for adapta-
~-----------rfrrn~~~aii!erent temperatures than do spec1es whiCli I1ve 
in a narrow range of climates (stenotherms). D. melano-
gaster, Q. hydei and Q. immigrans were chosen as examples 
of eurythermal species while Q. pseudoobscura, 'D. viracochi, 
and D. willistoni were chosen as examples of stenothermal 
species (Hunter, 1964, 1965, 1966, and 1968). The oxygen 
consumption, as an indication of the rate of respiration, 
was measured for adults grown at different temperatures. It 
was found that Q. melanogaster females, and both sexes of 
Q .. hydei and Q. immigrans when acclimated at 15 C, had a 
higher rate of respiration than that of flies acclimated at 
25 C when the rate of oxygen consumption was measured at 
the intermediate temperature of 20 C. According to Prosser 
and Brown (1961), the normal pattern of temperature adapta-
tion is such that cold-acclimated organisms have a higher 
rate of respiration (rate function) at an intermediate tem-
perature than do the warm-acclimated ones. Thus, the 3 
eurythermal species exhibited tempera t1ue adaptation. It 
was also found that the 3 stenothermal species when acclimated 
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at 15 C, either had an equal or lower rate of respiration 
than that of flies acclimated at 25 C when the rate was 
measured at 20 C. These results for the stenothermal 
species suggest lack of temperature adaptation according to 
Prosser and Brown (1961). Thus, the results for all 6 spe-
cies studied are in conformity with the proposed hypothesis 
(Hunter, 1964). 
have been studied to learn more about the mechanisms of 
temperature adaptation in Drosophila. The enzyme activity 
of glutamate-aspartate transaminase was studied by Burr and 
Hunter (1970) to attain information on temperature adapta~ 
tion at the enzyme level in 2 eurythermal species, D. melano-
_gaster and .Q.. immigrans, and 2 stenothermal species, .Q_. 
pseudoobscura and D. willistoni. Each of the 4 species was 
acclimated at 15 C and 25 C, and their enzyme activities 
were measured at 20 C. ~· melanogaster females and D. 
immigrans males and females displayed temperature adaptation 
in that flies grown at 25 C had lower transaminase activity 
than did those grown at 15 C when measured at 20 C. However, 
glutamate-apartate transaminase activity did not vary with 
acclimation temperature in~· pseudoobscura and~· willistoni. 
These results support the hypothesis that eurythermal spe-
cies of Drosophila have greater capacity for physiological 
adaptation than do stenothermal species. 
It is the purpose of this research to study the effect 
of temperature on the life cycle of D. nebulosa. D. nebulosa 
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is considered a stenothermal species from a warm environment 
and has been reported in Texas and Florida, the West Indies, 
Mexico, Central America, and as far south as Brazil (Pat-
terson, 19,±3, Heed, 1956, Garcia and Suarez, 1962, and Hunter 
and Navarro, 1969). According to the hypothesis of Hunter 
(1964), the capacity of this species for adaptation to dif-
ferent temperatures would not be expected to be as great as 
>-------+'~.olra;t-----o---_L------a-eu-:eyt-Ire:rrrm:---I~ies. S-renu-Thermal------species are-ret~-~---
atively limited by the environmental temperature, and there-
fore, one would expect a marked decrease in the length of 
the life cycle with increasing temperatures. On the other 
hand, eurythermal species are relatively independent of the 
environmental temperature, so a relatively less decrease in 
the length of the life cycle with increasing temperature 
would be expected. 
MATERIALS AND METHODS 
D. nebulosa were collected in Barquisimeto, Venezuela 
over various types of fruit. They have been maintained in 
the laboratory at 25 C previous to these studies. 
Stocks were allowed to develop in incubators at tempera-
tures of 20+1 C, 25~1 C, and 30+1 C in several 240 ml glass 
stock jars with sterile cotton stoppers. Each stock jar 
contained 12 g of Instant .Drosophila Medium (#67-5002, 
Formula 4-24, Carolina Biological Supply Company) mixed with 
34 ml of water. The flies were exposed to light daily from 
8:00 A.M. to 8:00 P.M. 
Eighty ml plastic vials with sterile cotton stoppers 
were utilized in these experiments. The contents of each 
experimental vial included 6 g of Instant Drosophila Medium, 
17 ml of water, .2 g of Fleischmann's Active Dry Yeast as 
additional food, and a few drops of Schilling's Green Food 
Coloring to provide a contrasting background for the light-
coloured Drosophila eggs. 
Virgin flies of both sexes were collected from the 
stock jars of one incubator, e.g., 20 C, approximately 
every 12 hours around 8:00 A.M. and 8:00 P.M. These flies 
were then etherized and sexed. Six females and six males 
were put :ln each experimental vial which was then placed 
into the same incubator. from which the stock jars came. The 
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light cycle mentioned above was maintained throughout the 
experiment. Occasionally, due to a small supply of avail--
able virgins, less than 6 females and 6 males were placed 
in an experimental vial, e.g., 6 females and 5 males or 5 
females and 4 males, etc. This alteration was assumed to 
have no effect on the results. Each experim~ntal vial was 
examined daily between 8:00 A.M. and 10:00 A.M. to note the 
different stages of the life cycle of the offspring with the 
aici of a dissecting microscope. The day and the approximate 
time of the first appearance of eggs, larvae, pupae, and 
finally, emerging adults were recorded. This procedure was 
continued until complete data for at least 20 experimental 
vials were collected at each of the 3 temperatures studied. 
After eclosibn, the flies reach sexual maturity and 
mate. In the results, this is designated as the first stage 
of the life cycle and called the "eclosion to sexual maturity" 
stage. The length of this stage was measured by an entirely 
separate procedure from that described above and with a 
different group of flies. Stocks of D. nebulosa were main-
tained as previously described except that sterile foam 
rubber stoppers instead of sterile cotton stoppers were used 
at 30 C. 
Virgin flies of both sexes were collected in the same 
manner stated earlier, and for each of the 3 temperatures 
6 groups of 4 vials were studied. In groups 1-6, the males 





72 hours of incubation, respectively. In the first group, 
for example, the flies in each vial were removed, etherized, 
and sexed after 12 hours of incubation. Only the females 
were then returned to their respective vials. If copulation 
had occurred within the initial 12 hour period when the 2 
sexes were together, then the subsequent presence of larvae 
andfor pupae would be observed. The presence of eggs do 
not necessarily indicate that copulation had occurred since 
female fruit flies also lay unfertilized eggs. This proce-
dure was conducted for all 6 groups at the 3 temperatures 
studied. 
The second stage is labelled "sexual maturity to egg" 
and is calculated by subtracting the mean of the "eclosion 
to·sexual maturity" stage from each individual value of the 
"eclosion to egg" stage which was derived in the initial 
procedure where the first appearance of the different life 
cycle stages was noted. Thus, the "sexual maturify to egg" 
stage is the result of combining the data from the 2 methods 
described. 
A second part of this experiment was to study the 
resistance of D. nebulosa to a cold temperature of 15 C. 
Stocks of flies were maintained in .the 25+1 C incubator with 
a daily light exposure from 8:00A.M. to 8:00P.M. Virgin 
males and females were again collected in the same manner 
described previously, placed in experimental vials at 15+1 C 
in an incubator which was also on a daj_ly light cycle. These 
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were then observed to see if mating, egg-laying, and develop-
ment of progeny occurred. The resistance of the various 
stages of the life cycle to cold stress was also studied. 
Eggs, larvae, and pupae were transferred from 25 C to 15 C 
to learn whether or not development to adult would continue. 
In both of these cold temperature experiments, only quali-
tative observations were made. 
RESULTS 
As shown in Tables 1-3 and Figure 1, the mean duration 
of the overall life cycle of D. nebulosa is 21.1+0.3 days 
at 20 C, 13.6~0.2 days at 25 C, and 11.9~0.2~-days at 30 C. 
The "2-sided" Student's t~-test with P=O. 05 showed that all 
3 means are significantly different. A reciprocal transfor-
mation of both duration and temperature was necessary to 
calculate the regression line shown in Figure 2. The result 
of the regression line is the formula 1/D = 0.16 - 2.17 (1/T) 
which allows one to predict the duration, D, of the overall~ 
life cycle at any temperature, T. Because of the data, the 
regression line and prediction limits coincide. 
The mean duration of the "eclosion to sexual maturity" 
stage as shown in Tables 1-3 and Figure 3, is 2.8+0.2 days 
at 20 C, 2.4~0.1 days at 25 C, and 2.0 days at 30 C. There 
is no estimate of variability at 30 C since the sample size 
was only 1. Because of this, the t-test was not calculated 
for 30 C, but it was found that the means at 20 C and 25 C 
were not significantly different. No transformation was 
necessary to determine the regression line which is shown iq 
Figure 4. The formula which allows the prediction of the 
duration of this stage at a temperature is D = 4.48 - 0.08 T, 
with P = 0.05. 
18 
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The mean duration of the "sexual maturity to egg" stage 
is 0.8+0.2 days at 20 C, 0.32:0.1 days at 25 C, and 0.4+0.1 
days at 30 C, and this is shown in Tables 1-3 and Figure 5. 
Negative values appear in the figure because this value is 
the result of combining the data from the 2 methods described 
in the Materials arid Methods Section. Using the Student's 
t-test, it was found that the means at 20 C and 25 C differ 
significantly, whereas each of these means do·not differ 
significantly from the mean at 30 C. Since the values at 
30 C were derived from the single value of the "eclosion to 
sexual maturity" stage, and since a sample size of 1 gives 
no estimate of the variability, no line of regression for 
the "sexual mat uri ti to egg" stage was calculated·. Conse-
quently, a prediction formula was not determined. 
As shown in Tables 1-3 and :Figure 6, the mean duration 
of the "egg to larva" stage is 4.0+0.4 days at 20 C, 4.02:0.3 
days at 25 C, and 2.7+0.2 days at 30 C. The means' at 20 C 
and 25 C are not significantly different, but both of these 
means are significantly different from the mean at 30 C. No 
transformation of the data was required in calculating the 
regression line which is shown in Figure 7. The prediction 
formula is D = 6.98 -0.14 T with P = 0.05. 
The mean duration of the "larva to pupa" stage is 
5.4+0.5 days at 20 C, 3.12:0.4 days at 25 C, and 2.82:0.2 days 
at 30 C as shown in Tables 1-3 and Figure 8. The mean at 
20 C differs significantly from the means at 25 C and 30 C, 
20 
while the 2 latter means are not significantly different. 
A reciprocal transformation of both duration and temperature 
was necessary to calculate the line of regression shown in 
Figure 9. The prediction formula is D = 0.95 - 13.31 (1/T), 
and again due to the data, the regression line and prediction 
limits coincide. 
As shown in Tables 1-3 and Figure 10, the mean duration 
of the "pupa to eclosion" stage is 8.4+0.2 days at 20 C, 
4.6_::0.1 days at 25 C, and 4,2+0.1 days at 30 C. All 3 means 
are significantly different. A reciprocal transformation 
of both duration and temperature was again necessary in the 
calculation of the regression line shown in Figure 11. The 
prediction formula is 1/D = 0.48 - 6.99 (l/'1') with the 
regression line and prediction limits coinciding. 
Figure 12 is a summary of the durations of each stage 
at 20 C, 25 C, and 30 C. It is clear that the general trend 
for the length of each stage of the life cycle is to decrease 















Duration of the Stages of the Life Cycle of 
D. nebulosa at 20 C 
I 
Mean Standard Error Standard Dev1ation 
N (days) of mean (days) (days) j 
I 
3 2.8 0.2 0.3 I 
21 0.8 0.2 1.1 I 
21 4.0 0.4 2.1 
22 5.4 0.5 2.4 
22 8.4 0.2 0.9 
22 21.1 0.3 1.4 























D. nebulosa at 25 C 
Duratioo of the Stagea of the Life Cycle 01 
Standard Error r Mean Standard Dev:Lation 
N (days) of mean (days) (days) j 
8 2.4 0.1 0.4 
27 0. 3 . 0.1 0.5 
21 4.0 0.3 1.5 
27 3.1 0.4 2.1 
27 4.6 0.1 0.7 I 
2T 13.6 0.2 0.8 























Duration of the Stages of the Life Cycle o 
D. nebulosa at 30 C 
Mean Standard Error 
N (days) of mean (days) 
1 2.0 ---
30 0.4 0.1 
29 2.7 0.2 
31 2.8 0.2 
31 4.2 0.1 

















Figure 1. Dice-Leraas diagram (Simpson, Roe, and 
Lewontin, 1960) of duration of overall 































































:0 = ± 2.S x 
---Mean 
25 
Figure 2. Regression line of duration of overall life 
cycle at different temperatures in D. rtebulosa 
(Reciprocal transformation of both duration 
and temperature was necessary.) 
27 
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Figure 3. Dice-Leraas diagram of duration of "eclosion 
to sexual maturity" stage at different 
temperatures in D. nebulosa. 

Figure 4. Regression line of duration of "eclosion to 
sexual maturity" stage at different tempera-
tures in D. nebulosa (No transformation was 
necessary~ The dashed lines indicate the 
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Figure 5. Dic.e-Leraas diagram of duration of "sexual 
maturity to egg" stage at different tem-
peratures in D. pebulosa. 
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Figure 6. Dice-Leraas diagram of duration of "egg to 
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Figure 7. Regression line of duration of "egg to larva" 
stage at different temperatures in D. nebulosa 
(No transformation was necessary. The dashed 
lines indicate the 95% prediction limits about 
the regression line.) 
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Figure 8. Dice-Leraas diagram of duration of "larva to 







r: 0 ±2_ sx = 
































H C'l C'l C') 
;:::! 
q II II II 
z z z 
1. 0-
0.0 II I ~5 - 3b 0 20 
Temperature (C) 





Figure 9. Regression line of duration of "larva to pupa" 
stage at different temperatures in D. nehu1osa 
(Reciprocal transformation of both duration 
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Figure 10. Dice-Leraas diagram of duration of "pupa to 
eclosion" stage at different temperatures 
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Figure ll. Regression line of duration of "pupa to 
eclosion" stage at different temperatures 
in D. nebulosa (Reciprocal transformation 
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Figure 12. Summary of duration of the stages of the 
life cycle at 20 C, 25 C, and 30 C in 
D. nebulosa (Mean, range, 2 standard 
errors of the mean, and N are shown.) 









As stated in the introduction, the hypothesis to be 
tested states that species which live in a wide range of 
climates (eurytherms) may have a superior capacity for adap-
tation to different temperatures than do species which live 
in a narrow range of climates (stenotherms) (Hunter, 1964). 
The purpose of this experiment is to study the effect of 
temperature on the life cycle of D. nebulosa and also to 
learn if this stenothermal species conforms to the hypothe-
sis. 
As the results indicate, the duration of each individual 
stage and consequently, the overall life cycle, generally 
~ 
decreases with increasing temperature. This pattern is 
typical of poikilothermic animals which rely to a much greater 
extent upon the heat derived from the environment for the 
determination of their own body temperature than do homeo-
thermic animals. However, the degree to which individual 
species depend upon the environmental temperature varies 
among the poikilotherms. Stenothermal species are somewhat 
dependent upon the environm.ental temperature while eury-
0thermal species are relatively independent of the environ-
mental temperature. Therefore, one would expect Q. nebulosa 
to show a more marked decrease in the length of its life 
48 
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cycle with increasing temperatures in comparison with a 
eurythermal species which would be expected to decrease less 
under the same conditions. 
As Figure 1 depicts, the decrease in the duration of 
the overall life cycle between 20 C and 25 C is approximately 
4 times greater than that between 25 C and 30 C. This dif-
ference could be explained if the optimum temperature o"f 
i-------JD-. -n-eb-u.._J:-os-a-w-e-r-e-be-t-w-e-e-n------z;"--5-e-and~-a-e---a-s-m±-gh-t-b-e-su-rm±s-e-d-----
from the geographic distribution. Tantawy and Mallah (1961) 
found that stenokous populations of Drosophila were better 
adapted than euryokous populations only to the temperatures 
similar to that of their native conditions .. Therefore, at 
or near its optimum temperature, D. nebulosa would be more 
independent of the environmental temperature than at other 
temperatures, such as the 20 C used in this experiment. 
It is of interest to compare these results of D. nebu-
losa with those of a eurythermal species such as D. melano-
gaster. Suzuki (1970) reported that the overall life cycle 
of Q. melanogaster required approximately 25 days at 17 C, 
11.5 days at 22 C, and 7.5 days at 29 C. Although the inter-
val between 17 C and 22 C is smaller than between 22 C and 
29 C, the decrease in the duration in the 17 C-22 C interval 
is still approximately 3 times greater than that in the 
22 C-29 C interval. '£his change in the decrease could again 
be possibly explained in terms of the optimum temperature 
which has been reported by Young and Plough (1926) to be 
50 
24 C for !2_. melanog·aster. When the environmental tempera-
ture approaches 24 C, the effect of temperature on the length 
of the life cycle in addition to several other rate functions 
is not as pronounced as it would be at temperatures further 
from the optimum, such as 17 C. 
It is clear that if one were to extrapolate the values 
at several temperatures reported in the literature of D. 
melanogaster to calculate values at 20 C, 25 C, and 30 C, 
the duration at each temperature would be less than that of 
D. nebulosa. However, it is not apparent that D. nebulosa 
displays a marked decrease in duration with increasing tern-
perature when compared with D. melanogaster which would be 
expected to have a relatively less decrease in duration. 
In fact, both species appear to follow quite similar. patterns 
~ 
of an initial pronounced decrease followed by a relatively 
smaller decrease as the optimum temperature is approached. 
Firmer conclusions could be made if both species were studied 
at the same temperatures. 
Van't Hoff's rule mentioned in the introduction states 
that in an in vitro biochemical system, the rate of a reac-
tion doubles for each 10 C increase in temperature (Gordon, 
et al., 1972). This is represented as Q10 = 2, where Q10 is 
the factor by which a reaction velocity is increased for a 




where K and K2 are velocity constants corresponding to tem-
peratures t 1 and t 2 . Q10 varies over the temperature range 
and is higher in low ranges than in high ranges. Hence, the 
temperature range from which a Q10 is calculated must be 
specified (Prosser, 1973). 
Table 4 lists the duration of the life cycle of various 
Drosophila species including that of ~· nebulosa. The dura-
~----------~cbn·1~r~losion period is also l~sted~~o~r"s"o~mmoe ________ __ 
species because the length of the overall life cycle was 
not available in the literature. It is necessary to point 
out that the duration of the life cycle is measured quantita-
tively as the number of days to reach an arbitrary stage of 
development. ·Biochemical rates generally increase with 
increasing temperature, and the rate of development in 
Drosophila is no exception. However, in this experiment, 
the number of days required for development was measured, 
and the reciprocal of this is the rate of development. 
At a given temperature range, the Q10 of a eurythermal 
species is expected to be less than that of a stenothermal 
species if it is relatively more independent of the environ-
mental temperature. As Table 5 shows, in the 6 species for 
which observations were made at 3 different temperatures, 
the Q10 is always greater at the lower range than at the 
higher range. This would indicate that at the lower tern-
perature range the flies were dependent upon and affected 
by the environmental temperature to a·greater extent than 
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TABLE 4 
Duration of the overall life cycle and/or 
egg to eclosion period at different 
temperatures in DrosoJ2hi1a species 
Overall Egg to 
Temperature Life Cycle Eclosion 
Species (C) (days) (days) Reference 
D. nebulosa 20 21.1 17.8 (This paper) 
25 13.6 11.7 (This p.aper) 
30 11.9 9.7 (This paper) 
D. melano- 17 25.0 Suzuki, 1970 
gaster 22 11.5 Suzuki, 1970 
29 7.5 Suzuki, 1970 
D. virilis 15 34.0 27.0 Hunter, personal 
communication 
25 21.0 13.0 de Flores, 1976 
D. viracochi 15 38.0 27.0 Hunter, personal 
communication 
20 27.0 17.3 de Flores, 1976 
I 
D. immigrans 15 31.0 25.0 Hunter, personal 
communication 
25 14.9 11.1 de Flores, 1976 
D. pseudo- 16 32.5 Ray, 1960 
obscura 19 19.0 Ray, 1960 
24 18.0 Ray, 1960 
Q. persimilis 16 32.5 Ray, 1960 
19 19.0 Ray, 1960 
24 18.0 Ray, 1960 
D. willistoni 16 32.5 Ray, 1960 
19 19.0 Ray, 1960 
24 10.5 Ray, 1960 
D. eguinoxialis 16 32.5 Ray, 1960 
19 19.0 Ray, 1960 
24 10.5 Ray, 1960 
D. ~ani 16 40.2 Budnik, et 
25 18.8 al., 1971 
.TABLE 5 
Q10 of the overall life cycle and/or egg 
to eclosion period for different 








Q10 of Egg 
to Eclosion 
Period 
u _________ ~D~-~n=e=b=u~l~o~s~a~-----------20-25 2.4 2.3 





















































at the higher range which most likely also included the 
optimum temperature. It is also interesting to note that 
D. viri1is at a lower temperature range, 15 C-25 C, still 
had a lower Q10 for the overall life cycle than D. nebulosa 
at a higher temperature range of 20 C-30 C. This implies 
that D. virilis is better adapted to lower temperatures than 
is D. nebulosa. Perhaps it would be found that !?_. virflis, 
1-------'aL_le~Iccl;cr~ermB~l-spec-i.--es---,-------i--S-a-l--se-Be~t-t-e-r-a-El-a-p-t-e-d-t-e-h--i-g-h-e-r-t-ew•--~---
peratures than is Q. nebulosa, but this data was not avail-
able. The Q10 •s of the egg to eclosion period of D. nebulosa 
at 20 C-25 C and of Q. pavani at 16 C-25 C are equal despite 
the fact that D. pavani's range is larger. This implies that 
D. pavani has a greater capacity to adapt to lower tempera-
tures than does D. nebulosa. Similar implications can be 
made when comparing the Q10 •s of the overall life cycle of 
D. nebulosa at 20 C-25 C with that of Q. immigrans at 15 C-
25 C. The Q10 of Q. immigrans is still less than that of 
D. nebulosa even though the former species' range is greater. 
D. immigrans is eurythermal, so these results are not sur-
prising. Lastly, the Q10 of the overall life cycle of 
D. viracochi at 15 C-20 C is less than that of D. nebulosa 
at a higher range of 20 C-25 C. D. viracochi is a steno-
thermal soecies as is D. nebulosa, so these results would . -
imply only that D. viracochi is better adapted to lower tern-
peratures. Comparisons of the Q10 •s of Q. nebulosa with 
those of D. melanogaster, D. p~eudobb~cura, Q. persimilis, 
55 
Q. will is toni, and Q. eq'U:inO"xialis would not be feasible 
with the given data due to the inconsistency of the tempera-
ture ranges. The comparisons of the Q10 •s which were dis-
cussed imply that the stenothermal species, Q. nebulosa, 
does conform to the hypothesis, but again, no firm conclusions 
can be made because the temperatures at which the other 
species were observed differ from those of D. nebu1osa ·and 
1-------'~ 1 RO-b-er--a-us-e-t-l:l--e-o-p.-t-i-mu.-m-t-e-mp-e-r-a-t-u-~e-i-s-----ne-t-k-new-n: •• ----------
In the second portion of these experiments, the resis-
tance of D. nebulosa to a cold temperature of 15 C was studied. 
When virgin males and females from 25 C were placed together 
in experimental vials at 15 C, eggs were laid by the females 
after a long period. Since these eggs never produced larvae 
but instead, soon degenerated, it was concluded that the eggs 
were either unfertilized or not viable at this low tempera-
ture. When eggs, larvae, and pupae were transferred from 
25 C to 15 C, the percentage of emergence was only approxi-
mately 50%. According to Powsner (1935), some developmental 
processes probably always occur at temperatures at which the 
organism is not killed by the cold. Also, some of these 
processes may be slowed up more at low temperatures than 
others are. After a period this must cause "disorganization" 
of development to such an extent that some time must elapse, 
when the organism is raised to a higher temperature, before 
the processes become sufficiently correlated for development 
to proceed normally again. If the "disorganization" has 
56 
gone too far, the organism cannot complete development 
(Powsner, 1935). This and the fact that !2_. nebulosa normally 
lives in a warm environment could account for the very low 
survival rate at the low temperature. Perhaps, the results 
would have been different if the flies, eggs, larvae, and 
pupae were transferred from 20 C instead of 25 C. This could 
possibly lessen the effects of temperature shock. 
1------------'JTh-e-f-i-r-s-t-a-n-d-m-a-j-o-r--p-o-rt--i---or~r-t-hesB experim-ents was to 
study the effects of temperature on the life cycle of D. 
nebulosa. If this experiment were to be repeated, a few 
changes in the procedure should be made to provide more com-
parable results. The flies which were used to measure the 
time when sexual maturity was reached and mating occurred 
should also be used in the remaining portion of the experi- 1 
ment where the different stages of the life cycle were noted. 
This would decrease the individual variability among the 
flies. In this experiment, the time of the first appearance 
of eggs, larvae, pupae, and emerging adults was recorded. 
Budnik, et. al. (1971) worked with !2_. pavani and found that 
at every temperature studied, 2 groups were established 
according to their emergence: those of "fast" development 
(25 to 35 days at 16 C, 14 to 16 days at 25 C), and those of 
"slow" development (44 to 65 days at 16 C, and 21 to 29 days 
at 25 C). Consequently, with the method used in this experi-
ment, the existence of a slower developing group would not 
be detected. Therefore, it would be more accurate to note 
57 
the range of days during which a particular stage appeared. 
This would require transferring the flies to new vials con-
tinually. Also, since virgin males and females were captured 
and placed together every 12 hours, the experimental vials 
should have been examined for offspring also every 12 hours 
instead of every 24 hours as was done in this experiment. 
This consistency would provide more accurate data. As stated 







was added to each experimental vial to provide a contrasting 
background for the light-colored eggs. However, the larvae 
are still difficult to see, especially the small instar stages. 
Unless the larvae forage on the surface of the food or on 
the walls of the vials, they are almost impossible to detect. 
In several experimental vials, larvae were first seen on 
the same day as pupae, and sometimes larvae were not seen 
at all. Both situations are represented in the results by 
a smaller N value for the stage, egg to larva. A rarer situ-
ation which occurred was when eggs were first seen on the same 
day that larvae were seen, and this is also represented in 
the results by a smaller N value for the sexual maturity to 
egg stage. These problems of seeing eggs and larvae could 
be remedied by the use of Drosophila food that is more 
transparent. Another method would be to have the flies lay 
their eggs on a flat surface in the vial with no depth of 
food (Hunter, personal communication). Complications also 
arose when sterile foam rubber instead of sterile cotton was 
58 
used as stoppers for the experimental vials in the measure-
ment of the "eclosion to sexual maturity" stage at 30 C. 
The media of the majority of the vials were contaminated by 
some type of microorganism which probably passes through foam 
rubber more readily than through cotton. As a result, pro-
genywere found in only one vial which was far less than what 
was expected. No regression line for the "sexual maturity 
mation methods such as reciprocal, log, or arcsin transforma-
tions. Since the values at 30 C were derived from the single 
value of the "eclosion to sexual maturity" stage, and since 
a sample size of one gives no estimate of the variability, 
the calculation of a line of regression was not further pur-
sued. 
~ 
It would be interesting to study the effects of tempera-
ture on the respiration of D. nebulosa to obtain a better 
idea of how this species conforms with the hypothesis concern-
ing adaptation. An experiment similar to that of Hunter 
(1964, 1965, 1966, 1968) could be conducted in which the rate 
of oxygen consumption of flies grown at a high and low tern-
perature is measured at an intermediate temperature. It would 
be expected that the flies acclimated at the high tempera-
ture would have the same or a greater rate of oxygen consump-
tion than those acclimate.d at the low temperature which 
according to Prosser and Brown (1961), is not the normal 
pattern of temperature adaptation. Therefore, this result 
would be in agreement with the hypothesis. 
59 
Also, the extent to which Bergmann's and Allen's Rules 
apply to g. nebulosa could be studied. To reiterate, Berg-
mann's Rule states that the body size of geographical races 
of a species is smaller in the warmer parts of the species' 
range than in the colder parts of the range. Allen's Rule 
states that protruding body parts are relatively shorter in 
the colder parts of the range of a species than in the 
could be performed in which. flies are grown at 2 different. 
temperatures, and measurements of wing and leg length as 
well as overall body size are compared. If the changes sug-
gested by Bergmann's and Allen's Rules occur in this species, 
this might be considered a type of temperature adaptation. 
Comparisons of stenothermal and eurythermal poikilotherms 
have not yet been made with respect to these rules . 
• 
SUMMARY 
The effect of temperature on the life cycle of Drosophila 
nebulosa is studied in this experiment. The mean duration of 
the overall life cycle is 21.1+0.3 days at 20 C, 13.6.:t_0 .. 2 
days at 25 C, and 11.9+0.2 days at 30 C. Formulas which 
allow the prediction of the duration of the various stages 
of the life cycle at any temperature are derived from regres-
sion lines. 
The hypothesis that is tested in this experiment states 
that species which live in a wide range of climates (eury-
therms) may have a superior capacity for adaptation to dif-
ferent temperatures than to species which live in a narrow 
range of climates (stenotherms) (Hunter, 1964). When the 
Q10 •s of g. nebulosa, a stenothermal species, are compared 
with those of eurythermal species, the results indicate that 
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